This study offers the first report on variation sequence of the mitochondrial cytochrome b (MT-CYTB) gene in populations from Bosnia (northeastern Bosnia). This study was designed on the analysis of the genetic diversity of two populations of different cultural-anthropological and genetic origin, Roma population and native/non-Roma population. The main aim of our study was to estimate the usefulness of the CYTB sequence in the analysis of genetic categorization of different populations and intergroup diversity, as well as to provide some additional information on haplogroup-associated polymorphisms within the CYTB region in defining haplogroup status. Estimation of the genetic diversity was done using intra and intergroup genetic indices. The population-specific polymorphisms have been found in both categories of the populations. The results of the analysis of genetic differentiation show significant pairwise Fst differences between the Romani and native populations. Also, registered significant genetic differentiation is illustrated on the level of genetic variation between subpopulations of the Roma and non-Roma origin. The important result in our study is the confirmation of the significance of the triad of polymorphisms T14783C-G15043A-G15301A, indicating the influence of Asian component of the maternal gene pool on the genetic structure of the studied population of the Roma. Our data show that the haplogroup polymorphisms exist in the CYTB region and can provide useful information on the haplogroups that were defined only by the control region of the mtDNA. The results of this study indicate the region of CYTB gene can be a benefit in providing some additional information in the analysis of genetic structure of human populations and can be additionally applied in population studies.
Introduction
Sequence analyses of the hypervariable segments I and II (HVSI/II) of the non-coding region (control region, CR) of mtDNA are often used for genetic identification of individuals and categorization of different populations for fo-rensic purposes and population genetic study. Also, due to a high evolutionary rate of mutations and maternal inheritance, the HVS-s are an important tool for the estimation of genetic origin, gene flow, migration and population expansion (Richards et al. 2000; Simoni et al. 2000; Torroni et al. 2001; Malyarchuk et al. 2010 ). However, several features of the HVS-s of the mtDNA such as mutational hotspots, high mutation rate, variation in substitution rate between nucleotide sites, parallel mutations, different rates of substitution among HVSI/ II, higher frequency of transitions than transversions and variability in bases composition can cause problems in the analysis of the no-coding region (Brown et al. 1979; Meyer et al. 1999; Tamura et al. 2000; Bandelt et al. 2001; Malyarchuk et al. 2002; . In order to improve the information obtained from the mtD-NA, research studies apply the complete mtDNA analysis or analysis which combines the data of the HVS-s and part of the coding region.
Few studies indicate that some parts of the coding region of the mtDNA, such as 10171-10659 (Yao et al. 2002 ), 14576-16047 (Kong et al. 2003 ) and 14747-15886 (Lee et al. 2002; Hwa et al., 2010; Ablimit et al. 2013; Amer et al. 2015; Farghadani and Babadi 2015) are very informative in the phylogenetic and phylogeographic analysis of mtDNA, forensic applications and population studies. Studies on the variations of the CYTB gene indicate that this gene can be used as a candidate with high discrimination power for individual maternal identification in forensic casework, estimation of intergroup diversity and defining of haplogroup status (Lee et al. 2002; Tsai et al. 2001; Kong et al. 2003; Hwa et al. 2010; Ablimit et al. 2013; Farghadani and Babadi 2015; Amer et al. 2015) . The CYTB gene covers position 14747-15887 including 1140 np (nucleotide pairs) of the human mtDNA coding region (Anderson et al. 1981) .
The main aim of our study was to analyse the variation of the CYTB gene among two populations of different cultural-anthropological and genetic origin (Roma population and native/no-Roma population) in order to evaluate the usefulness of the CYTB sequence in genetic identification of different populations, estimate intergroup diversity as as well as to provide additional information on haplogroup-associated polymorphisms within the CYTB region in defining haplogroup status. With the aim of determining whether the region of the CYTB is informative for the mentioned aims, the obtained parameters of the CYTB sequence diversity are compared with the data based on the very informative HVSI of the mtDNA.
Materials and methods

Population samples
A total of 74 buccal samples have been collected from unrelated individuals in the region of northeastern Bosnia. The collected samples included 39 Roma samples collected from two Romani communities (marked in the manuscript as Roma population 1 and Roma population 2) and 35 samples of the native population (no-Roma population) collected from the isolated villages of two mountain regions (Konjuh and Majevica) (marked in manuscript as native population 1 and native population 2). The collected samples of the Roma population were unspecified by individual ethnonyms and represent a mixed pop-ulation (according to migration category and language dialect) of the Roma from northeastern Bosnia. Prior to sampling, all participants provided written consent for the collection of samples and subsequent analysis. Our study follows the principles of the Declaration of Helsinki and all subjects gave their consent to participate in this study.
DNA amplification and sequencing
Total genomic DNA was extracted from the dried swab samples of buccal mucosa, using the salting out method (Miller et al. 1998 ). The method was slightly modified in order to optimize the extraction of DNA from buccal swab. The set of primers L14724 and H15915 was used for PCR reaction (Polymerase Chain Reaction) of the CYTB sequence (Hwa et al. 2010; Ablimit et al. 2013 ). The PCR reactions were performed with GeneA-mp® PCR System 9700 (Applied Biosystem). The success of the amplification reactions was checked by the process of separation of the obtained fragments on 1.5% agarose gel in 1xSB (Sodium Borate) buffer. Sizes of the obtained fragments were estimated using EDAS software (Electrophoresis Documentation and Analysis System. In the next step, sequencing of the CYTB sequences was performed using the primers the primers L14724 and 15283 (Ablimit et al., 2013) . The HVSI has been sequenced in a total of 74 individuals (35 individuals of the native population from this study and 39 Roma samples from previous studies, Ahmić et al. (2018) . The set of primers F15971/R16411 was used for PCR reaction of the HVSI region sequence. PCR products were sequenced within facilities of the Macrogen Korea Inc. as their regular capillary DNA sequence services.
Data analysis
The nucleotide sequences of the CYTB gene were aligned with the revised Cambridge reference sequence, rCRS (Anderson et al. 1981; Andrews et al. 1999) using the BioEdit software (Hall 1999) , through ClustalW multiple alignment. The population genetic structure of the investigated populations was analyzed using the methods implemented in the Arlequin ver.3.11 software (Excofier et al. 2005) . Intrapopulation genetic diversity parameters, such as the number of different sequences (DS), mean number of pairwise difference (pi), sequence diversity values (H) and nucleotide diversity (π) were calculated at the level of the CYTB sequence. Pairwise F ST analysis (Weir and Cockerham 1984) was used for the assessment of intergroup genetic differentiation. Based on pairwise Fst values, multidimensional scaling (MDS) analysis was performed using SPSS Statistics 17.0 for Windows (SPSS, Chicago, IL,USA). The Median-joining network of the CYTB haplotype was constructed using a median-joining algorithm (Bandelt et al. 1999) as implemented in the Network 4.6.1.2. software. For the comparation of the obtained data based of the CYTB sequences, parameters of intra and interpopulation genetic diversity were analysed based on the level of the HVSI. For the identification of the haplogroups mitomaster software (www.mitomap. com), Haplogrep software (Kloos-Brandstätter et al. 2011; Weissensteiner et al. 2016 ) and the PhyloTree 17 (van Oven and Kayser 2009) were used. Haplogroup-associated polymorphisms of the CYTB gene were defined according to the scheme by Herrnstadt et al (2002) .
Results
PCR fragments of 1190 np were amplified in all samples. The CYTB sequence comprised approximately 1140 np (region 14747-15887). The sequences of the CYTB gene of all samples were aligned with the standard reference sequence (rCRS, Andrews et al., 1999) . Based on the obtained data, we determined: a) polymorph position the CYTB sequences and population-specific polymorphisms, as well as parameters of intra and interpopulation of the genetic diversity of the studied populations; b) position of Bosnian Roma population in Asian population group and c) haplogroup-associated polymorphisms of the CYTB region.
Variations of the CYTB sequence in studied populations
Distribution of the observed polymorph positions of the CYTB sequence with regard to rCRS position in analysed populations in our study is showed in Table 1 . A total of 61 nucleotide substitutions were found in all the studied samples. The majority of nucleotide substitutions (39) were transitions, and there were 22 transversions. There were no deletions and/or insertions observed. Six common polymorph positions (C14766T, T14798C, G14905A, A15326G, C15452A, A15607G) were noticed between the Roma population and the native population from northeastern Bosnia (Table 1) . Polymorphism A15326G, which is common to mtD-NA sequences from Europe, Asia and Africa (Herrnstadt et al. 2002) was observed in more than 90% in both category populations. Second common nucleotide change C→T on nucleotide position 14766, which is present on Af-rican and West Euroasian mtDNA lineages (Finnilä et al. 2001; Herrnstadt et al. 2002) was observed with average frequency of 48.72% in the Roma population and 40.0% in the native population. Polymorphism T14798C which is specific for Caucasian populations (Hwa et al. 2011; Ablimit et al. 2013) was observed in the native populations of 11.43%, and in Roma population of 7.69%. Other common positions were G14905A (5.13%, the Roma; 2.85%, the native population), C15452A (7.69%, the Roma; 11.43%; the native population) and A15607G (7.69%, the Roma; 2.85%, the native population). The population-specific polymorph positions (Table 1) with higher frequencies such as T14783C (20.51%), G15043A (20.51%), 15287C (15.38%), G15301A (33.33%), T15310C, A15397G (10.26%) were identified only in the Roma population. The population-specific positions of the CYTB with higher frequencies identified only in the native group were G15077A (11.43%) and C14872T (8.33%). Other population-unique polymorphisms were represented with a frequency of 2-8% in both category populations (Table 1) . The variation analysis of the CYTB sequence in the studied category populations enabled the identification of total 42 haplotype/sequence types, which differed from the rCRS sequence (Table  2) . Among 39 sequences, 17 haplotypes were noted in the Roma population, and among 35 sequences in the native populations, 28 haplotypes were noted. The phylogenetic network of the CYTB haplotypes (Fig. 1) shows the existence of the major cluster with haplotype 17 (one nucleotide change A→G at np 15326) which is presents in all subpopulations and two clusters with sporadic presence in studied populations, the cluster with haplotype 11 and cluster with haplotype 8 (Table 2) . Also, the network showed the existence of three common clusters in the Roma populations: the connected cluster with haplotypes 2 (polymorphisms C14766T, T14783C, G15043A, T15287C, G15301A, A15326G) and 3 (polymorphisms C14766T, T14783C, G15043A, T15289C, G15301A, A15326G, and the cluster with haplotype 4 (polymorphisms C14766T, A15034G, T15310C, A15326G, A15397G). In the native populations, excluding haplotype 17 and 11, there were no common hapotypes.
For the purpose of the clear information on the applicability of polymorphisms of the CYTB sequences in population studies, the obtained parameters of the intra and interpopulation genetic diversity based on the CYTB sequences were compared with the values of these parameters based on the level of the HVSI CR of the mtDNA in the studied category populations. Table 3 presents parameters of the intrapopulation diversity: number of different sequences (DS), the sequence diversity (H), the nucleotide diversity (π) and mean number of pairwise difference (pi) based on the CYTB and the HVSI sequences. The CYTB sequences showed a high level of the sequence diversity (H), which was found in both categories of the studied populations (0.8713-0.900 in the Roma populations; 0.9048-0.9947 in the native populations). In contrast, the nucleotide diversity (π) values were lower for each population. Also, similar relations of values of molecular diversity parameters between the studied categories of populations were obtained on the level of the HVSI sequences (Table 3) . Table 4 presents the analysis of genetic differentiation between pairs of the observed populations (pF ST ) based on the CYTB and HVSI sequences. The results of the analysis of genetic differentiation based on the CYTB sequences show significant pairwise Fst differences (p<0.05) between the Romani and native populations. Also, significant pairwise Fst differences are obtained and on the level of the HVSI sequences.
Multi-dimensional scaling plot performed on pairwise Fst values based on CYTB sequences (Fig. 2) and HVSI sequnces (Fig. 3) . Figure 2 shows clear genetic division between the Roma and their neighbouring populations. This analysis shows that the Romani subpopulations are clearly separated in two clusters, which indicates the fact of substructuring within the Romani population, which is consistent with the obtained high values of Fst (0.11425) on the subpopulation level (the Roma 1 and the Roma 2). Plot based on the HVSI sequences ( Fig. 3) shows similar relations of population grouping. However, for a more precise approach more samples should be analyzed.
Variation analysis of the CYTB sequences of the Bosnian Roma population and comparative Asian populations
In our study, the analysis of polymorphisms of the CYTB sequences indicates the presence of some nucleotide variations such as T14783C, G15043A and G15301A (with a higher frequency in comparison to other polymorphisms) only in the samples of the Romani group which are predominantly observed in (Table 5) .
Taking into consideration the mentioned fact, in the following parts of this research, the Roma population (Roma 1 and Roma 2) from our study and the previously studied Asian populations from a wider area of the Asia continent (Uyghur population from central Asia, Ablimit et al. 2013 ; the Chinese Han population, mainland Chinese, Thai popualtion, Vietnamese and Filipino Hwa et al. 2010) were additionally analysed by the parameters of interpopulation genetic diversity at the level of the CYTB sequences. Significant pairwise Fst differences (p<0.05) (Table 6 ) between the Roma population and different Asian populations (excluding the Uyghur population) were observed. The registered significant genetic differentiation based on the analysis of the CYTB sequences between the Roma population and different Asian populations illustrates the level of mtD-NA genetic variation among populations based on ethnic isolation.
Some haplogroup-associated polymorphisms of the CYTB region and the HVSI of the mtDNA
In our study, additional intention was focused on the analysis of haplogroup-associated polymorphisms within the CYTB sequence (the region 14747-15887) in the context of providing additional information when the haplogroups are defined only by the HVSI or HVSI/ II the CR of the mtDNA. Table 7 shows polymorphisms identified in the region of the CYTB sequences and the HVSI of the mtDNA with the corresponding haplogroups for 26 samples. Other studied samples belong predominantly the haplogroup H and had insufficient number of the polymorphic positions within the CYTB region for discussion. In our study, 13 mtDNA sequences which belong to the haplogroup M have common polymorphisms such as C14766T, T14783C, G15043A, G15301A, A15326G. According to phylogenetic tree (van Oven and Kayser 2009), haplogroup M is primarily defined by the polymorphisms T14783C and G15043A in the region of the CYTB sequences. It was observed that the samples of the subhaplogroup M5a1, beside basal motiv 16129-16223-16291-16298 in the HVSI and haplogroup-defining polymorphism T14783C and G15043A, also have haplogroup-specific mutation T→C at site 15287 (samples 4, 15, 16, 17, 20, 31, 43, 45, 48 and 49) . The members of the subhaplogroup M35b2 (samples 10, 7 and 28) have basal motiv 16129-16223-16230-16233-16304-16344 and share haplogroup-specific polymorphism T→C at site 15289. Furthermore, the polymorph position at T15310C in the region of the CYTB sequences is basal for the determination of the haplogroup X2e. Beside mutation T15310C, the samples of haplogroup X2e have two specific polymorphisms A15034G and A15397G (Table 7) . Also, the results in our study confirm the data reported in the study by Kong et al (2003) , Herrnstandt et al. (2002) , Finnila (2001) that the region of the CYTB can provide additional information for defining some West Euro-Asian haplogroups. For instance, the haplogroup JT is characterized by transversion C→A on position 15452 (n43, n19, n42), the haplogroup T is additionally characterized by the polymorphisms G14905A and A15607G, and subhaplogroup J1b1 transition T15067C. The haplogroup K is characterized by polymorph position T14798C, and subhaplogroup the K1b transition G→A on 15257 (samles 33 and 35). Beside standard motiv 16256-16270 in the HVSI, polymorph position A14793G in the region of the CYTB gene is present in the subhaplogroup U5a. Phylogenetic tree of the haplogroups indentified based on data CYTB sequences, HVSI sequnces (Table 7) and data HVSII (previous studies, Ahmić et al. 2018) for 26 samples is showed in Fig. 4 
Discussion
The results of our study indicate that the CYTB sequences are very polymorphic. The values of the molecular diversity parameters in our research (Table 3) confirm the results of previous studies (Hwa et al. 2010; Ablimit et al. 2013; Farghadani and Babadi 2015; Amer et al. 2015) indicating that CYTB gene is more polymorphic than expected for this relatively conservative segment of the coding region of the mtDNA. The majority of the sequence variations of the CYTB gene were non-synonymous with changes in amino acid products and viewed as polymorphisms without functional disturbances (Brown et al. 1992) . The transition G15257A found in two samples in a group of the Roma has been reported in association with the primary mutations causing LHON (Leber's hereditary optic neuropathy) (Brown et al. 1992; Huoponen et al. 1993) .
Our results indicate the presence of population-specific polymorphisms in the studied categories of the population. This is specially illustrative in the presence of polymorphisms with a relatively high frequency such as 14783T/C (20.51%), 15043G/A (20.51%) and 15301G/A (33.33%), which were observed only in the Roma population (Table 2) . Interestingly, this triad of polymorphisms was most commonly observed in the populations of the Asian continent, including the Uyghurs population from central Asia (Ablimit et al. 2013) , the Malaysian population (Farghadani and Babadi 2015), the Chinese Han population, mainland Chinese population and the populations from Taiwan (Hwa et al., 2010) . Mutations at these three positions were seldom observed in the Caucasian population (Ablimit et al. 2013) , and they were not observed in our native (non-Roma) Bosnian population. The results in our study reconfirm the significance of the triad of polymorphism T14783C-G15043A-G15301A as a potential ethnic classification signal of the Asian populations (Lee et al. 2002; Hwa et al. 2010; Ablimit et al. 2013) , as illustrative in the presence of this triad of polymorphisms in the Roma population in our study, indicating the influence of Asian component of the gene pool on the genetic structure of the studied population of the Roma, which is consistent with the results of previous study based on the control region of the mtDNA sequences (Ahmić et al. 2018) . These data can generally be associated with the genetic history and origin of the Roma from Indian subcontinent (Fraser, 1992; Greshem et al. 2001; Popov 2001a, 2001b; Mendizabal et al. 2011, 21012; Go´mez-Carballa et al. 2013; Moorjani et al. 2013) .
According to the analysis of the genetic structure of the studied populations, the results indicate that the CYTB sequences can be usable in terms of assessment of the genetic differentiation of the populations. Namely, similar relations of pairwise Fst differences (p<0.05) (Table  4) were observed on level of the CYTB sequences and on level of the HVSI sequences between the Roma populations and native populations. Observed significant pairwise Fst differences correspond to the level of mtDNA genetic variation based on different gene pool and genetic origin of the studied populations of the northeastern Bosnia. The data suggest that each individual subpopulation (under the categories of Roma and native populations) is characterized by their own local genetic identity, which is probably a consequence of the reproductive isolation, a high level of endogamy and genetic drift present in the Roma populations, and geographic isolation of the native populations, which come from the isolated villages of mountainous region. Although the results of our study support the scientific knowledge that the level of genetic variations and subdivision among Roma populations is probably based on the effects of isolation, endogamy and genetic drift and also on the fact that geographic isolation can affect the gene pool of the isolated populations (native populations in our study), more samples should be analyzed for a more precise approach. Our suggestion for the future research studies based on the estimation of efficiency using the CYTB gene in population studies is to include a larger number of samples and populations.
One of the aims of our study was focused on the association of haplogroup-defining and haplogroup-specific polymorphisms of the CYTB sequence (region 14747-15887) and their combination with basal polymorphisms of the control region (HVSI) of the mtDNA, what can be a benefit for providing some additional information for a more precise determination of the haplogroups, especially in the cases when it is not able to use complete mtDNA. Beside specific motiv of the HVS-a of CR region of the mtDNA, a great number of highly informative coding-regions of polymorphisms for defining haplogroup exist (Finnilä et al. 2001; Herrnstadt et al. 2002; Yao et al 2002; Kong et al. 2003; Takana et al. 2004; Pereira et al. 2005) . Our study also indicates that the CYTB gene region (14747-15887) contains some haplogroup-specific polymorph positions which can support branches of the Asian mtDNA phylogeny, such as polymorphism T15287C which defines subhaplogroup M5a1 and poly-morphism T15289C which defines subhaplogroup M35b2. These results agree with the study by Kong et al. (2003) which indicate that the polymorphisms within the region 14576-16047 (including the CYTB gene region) are very informative for defining the East Asian haplogroups (such as M10, B5a, B4b, B4c, C, G1, G1a). Also, beside the polymorphism at T15310C within the CYTB gene which is basal for determination of the haplogroup X2e of Indian/European origin, two specific mutations A→G were observed on sites 15034 and 15397 which are present in all members of haplogroup X2e, but it was not previously reported in Phylotree (van Oven and Kayser 2009). The database of complete mtDNA, mtD-NA Community Logan DNA Project (http://www.ianlogan.co.uk/sequenc-es_by_group/haplogroupselect.htm) reported these polymorphisms in complete sequence of the mtDNA of one individual in the Hungarian population (accession number MG952802, Malarychuk et al. 2018) . We suggest that polymorphisms A15034G and A15397G can probably be useful in mtDNA phylogeny of the haplogroup X2e, but the analysis of a larger number of mtDNA sequences of the haplogroup X2e is necessary for a better informativeness of these positions. Also, the data in our study indicate that certain nucleotide polymorphisms of the CYTB region can be useful in determination of the haplogroup status of the West Euroasian mtDNA phylogeny, as it is reported in the previous studies (Herrnstandt et al 2002; Finnila 2001; Kong et al 2003) . Using the reported data of the studies based on identification of haplogroup coding-region polymorphisms of the mtDNA and phylogenetic tree of global human mitochondrial variation (van Oven and Kayser 2009), it has been observed that the region of CYTB gene can be a benefit in providing some additional information in mtDNA phylogeny of the haplogroup.
This study offers first preliminary data on the diversity of human CYTB gene in the populations from northeastern Bosnia, serving as a supplement of the database on the evaluation of the usefulness of the CYTB sequence polymorphisms in geographical/ethnic classification of populations, estimation of the genetic diversity, forensic casework as well as haplogroup differentiation. Although mtDNA analysis is directed towards sequencing of the complete mtDNA molecule, the analysis of CYTB sequence in combination with HVSI or HVSI/II of the CR, can offer some useful additional information for population studies. The results of this study indicate the effectiveness of the CYTB gene analysis in identification of individuals and categorization of different populations, the analysis of the genetic structure of populations as well as the analysis of the mtDNA phylogeny of the haplogroups. However, for a more precise approach more samples should be analyzed.
